We present here a novel example of spin crossover phenomenon on a Fe(II) onedimensional chain with unusual N 5 S coordination sphere. The [{Fe(tpc-OMe)(NCS)(μ-NCS)} n ] (1) compound was prepared using the tridentate tpc-OMe ligand (tpc-OMe = tris(2-pyridyl)methoxymethane), FeCl 2 .4H 2 O and the KSCN salt. Crystallographic investigations revealed that the Fe(II) ions are connected by a single bridging NCSligand (-N:S-SCN coordination mode) to afford a zig-zag neutral chain running along the [010] direction, in which the thiocyanato bridging groups adopt a cis head-totail configuration. The (N 5 S) metal environment arises from one S-SCN and two -NCS ligands, and from three pyridine of the fac-tpc-OMe tripodal ligand. This compound presents a unique extension of Fe(II) binuclear complexes into linear chains built on similar tripodal ligands and bridging thiocyanate anions. Compound 1 shows a spin crossover (SCO) behavior which has been evidenced by magnetic, calorimetric and structural investigations, revealing a shrarp cooperative spin transition with a transition temperature of ca. 199 K. Temperature scan rate studies revealed a very narrow hysteresis loop (~1K wide). Photoswitching of this compound was also performed, evidencing a very fast relaxation process at low temperature. Among other factors, the linearity of the N-bound terminal thiocyanato ligand appears as the main structural characteristic at the origin of the presence of the SCO transition in compound 1 and in the two others Fe(II) previous systems involving thiocyanato-bridges.
■INTRODUCTION
The design of new cooperative spin crossover (SCO) materials is one of the most relevant challenges in the field of molecular materials. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The SCO transition, which occurs generally for the transition metal complexes of d 4 -d 7 electronic configurations, can be induced by various external perturbations, such as temperature, pressure, light, and magnetic field, yielding significant structural, magnetic and optical changes. The presence the intermolecular interactions (-stacking, hydrogen bonding and van der Waals contacts) in the crystal lattice can significantly affect the cooperativity which is at the origin of the presence of wide hysteresis that required for potential applications such as displays and memory, pressure and optical sensors, and spintronic devices. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] By far, the most studied switchable molecular materials are those based on Fe(II) transition metal ion for which the magnetic switch occurs between the paramagnetic high spin (HS) state (S = 2) and the diamagnetic low spin (LS) state (S = 0). [1] [2] [3] [4] [5] [6] [7] [8] Until now, the majority of Fe(II) SCO materials involves the FeN 6 coordination environment because of the appropriate ligand-field energy brought by the nitrogen-based ligands. [1] [2] [3] [4] [5] [6] [7] [8] [9] However, in the last few years and for a relatively short time, the number of reports on Fe(II) SCO systems with FeN 4 O 2 coordination sphere, arising from N 4 O 2 hexadentate, 22 N 2 O 2 tetradentate [23] [24] [25] [26] [27] [28] [29] or N 2 O tridentate [30] [31] [32] Schiff-base ligands, increased in a very considerable way, and some of them exhibit remarkable SCO behaviors such as bistability around room temperature and wide hysteresis loops. [23] [24] [25] [26] [27] [28] [29] Fe(II) SCO complexes with other mixed donor environments for the metal active center are rare and only few of them have been structurally characterized. Among them, the following complexes should be highlighted: [FeL(CN) 2 ].xH 2 O (L = macrocyclic Schiff-base ligands) involving the FeN 3 OC 2 and FeN 4 C 2 coordination spheres; [33] [34] [35] [36] [37] and complexes involving P donor atoms such as [Fe(PN H -Ph) 2 was determined at 296 and 150 K. The unit cell parameters, derived at these two temperatures, indicate the absence of any structural transition within the studied temperature range. Compound 1 crystallizes in the monoclinic system with a P2 1 /n space group. Crystal data, bond lengths and bond angles are given in Tables S1 and S2.
The following general structural description for 1 is relative to the room temperature data (296 K). The pertinent structural change induced by the thermal variation will be discussed in the section devoted to the magneto-structural relationships. The asymmetric unit of 1, depicted in Figure Within the covalent molecular neutral chain, the iron(II) metal ion exhibits a distorted FeN 5 S polyhedron, arising from the coordination of the three pyridine nitrogen atoms of the tpc-OMe ligand (N4, N3 and N5), and from the two nitrogen (N1 and N2) and the sulphur (S1 (a) ) atoms, belonging to the two equivalent bridging (see Figure 1 : Fe-N1-C1-S1 and Fe-S1 (a) -C1 (a) -N1 (a) ) and to the terminal thiocyanato (Fe-N2-C2-S2) ligands.
At room temperature, the three Fe-Npyr distances in the 2.165-2.213 Å range, are significantly longer than the Fe-N distances corresponding to the terminal (Fe-N2:
2.054(8) Å) and to the end-to-end bridging (Fe-N1: 2.108 (8) (7) Fe-N2 2.054 (8) Fe-N5 2.213 (7) Fe-N3 2.174 (7) Fe-S1 (a) 2.573(3)
Symmetry transformations used to generate equivalent atoms: (a) : 1/2-x, 1/2+y, 1/2-z;
 is the sum of the deviation from 90° of the 12 cis-angles of the FeN 5 S octahedron. 51 Examination of the crystal packing in 1 reveals that the shortest intermolecular distances correspond to the -stacking contacts between the pyridine groups of two adjacent chains. As shown in Figure 2 , two - contacts between the tpc-OMe ligands of adjacent chains, connect the 1-D chains along the a-c and the a+c crystallographic directions, leading to an overall 3-D packing. When the scan rate varies from 0.8 to 10 K/min, the transition temperature varies from 199.9 K to 199.0 K in the cooling mode, and from 201 to 205 K for the warming mode ( Figure 5a ). This magnetic bistability was confirmed by DSC studies (see Figure 5b) that reveal exo-and endo-thermic transitions with similar variation when the scan rate varies from 0.8 to 10 K/min (T ½ down from 198.1 to 196.7 K; T ½ up from 199.1 to 201.3 K). As clearly shown in Figure 5 , the two transition temperatures vary linearly with the scan rate, indicating a hysteresis width of less than 1 K at infinitely slow temperature scan rate, with an error of 0.3 K in the linear fit. Let us note that, despite different physical characterizations and sample preparations between magnetic and DSC measurements, the discrepancy between the related T 1/2 values are rather small.
LIESST effect was attempted on compound 1. Different wavelengths between 405 and 980 nm were tested and 510 nm appeared to induce an increase of the magnetic response. However, this increase is very small. Whatever the fluence used from 5 to 35 mW / cm² on the sample, the photoconversion efficiency did not exceed 10 %.
Moreover, when light was switched off, a very rapid decrease of the magnetic signal was observed since in less than one minute the initial value was recovered ( Figure 6 ).
This indicates a very fast relaxation process of the photo-induced state. Magneto-structural relationships. Based on the transition temperature derived from the magnetic and the DSC data, the crystal structure of 1 has been determined at 150 K.
Since the average value of the Fe-L distances (Fe-N and Fe-S in the case of compound 1) and the distortion parameter () are highly sensitive to the Fe(II) spin state, both parameter will be used in this section to assign the spin state on the Fe(II) crystallographic centers. Finally, a question arises concerning the magnetic behaviour of complexes 1-3: Why 1 and 2 exhibit SCO behaviours, whereas 3 remains in the HS state in the 300-2 K temperature range? First, one could think, in answer to this question that the cooperative effect along the chain could favour the existence of SCO behaviour in compound 1.
However, this hypothesis can be ruled out as compound 2 having a dinuclear structure also exhibits SCO behaviour with a T 1/2 = 207 K, which is very close to that observed for 1.
A more appropriate answer to the above question is based on the Fe-N-C angle of the terminal N-bound thiocyanate group. In a previous work, and based on theoretical ligand field calculations on Ni(II)-N-bound thiocyanate complexes, some of us suggested that, among other factors, the bent N-bound terminal thiocyanato ligand promotes a weaker ligand field on the Fe(II) ion than the linear configuration. 46 So, the former configuration would favours the HS state, whereas the latter, the SCO transition.
The fact that compound 1 containing almost a linear N-bound terminal thiocyanato ligand (Fe-N-C of 172.3 and 174.7° at 296 K and 150 K, respectively) exhibits SCO behaviour seems to support this conclusion. In order to gain insight on the effect of N-C-S bent angle of the N-bound terminal thiocyanate group on the crystal ligand field in these head to tail single and double thiocyanato-bridged Fe(II) complexes with FeN 5 S coordination sphere, we have carried out simple MO extended-Hückel calculations on the model given in Figure 7 . This model derives from the structure of 1 by changing the pyridine moieties of the ligand by ammonia molecules and varying the N-C-S angle of the N-bound terminal group () between 180° (linear thiocyanate) and 90°. As expected, the energy gap () between the highest energy d orbital arising from the t 2g set in a hypothetical octahedral geometry (d xy ) and the lowest energy d orbital arising from the e g set (d z2 ) decreases as the  angle diminishes (see Figure 7 ). For the  value observed for the dinuclear complex [{Fe(tpc-Obn)(NCS)(μ-NCS)} 2 ] (156.6°) a slight but significant reduction of the crystal ligand field is calculated (~70 cm -1 ), which would favour the HS configuration found for this complex. 46 We have also studied the variation of the Fe-S-CN angle of the thiocyanate bridge between 102.7° (the experimental value at 296 K) and 180 ° (linear) and the change in the energy gap () was only of 11.7 cm -1 . performed using the CrysAlis program suite on the full set of data. 60 The crystal structures were solved by direct methods and successive Fourier difference syntheses with the Sir97 program 61 and refined on F 2 by weighted anisotropic full-matrix leastsquare methods using the SHELXL97 program. 62 All non-hydrogen atoms were refined anisotropically while the hydrogen atoms were calculated and therefore included as isotropic fixed contributors to F c . Due to the low absorption coefficient of 1 only semiempirical absorption correction was needed and performed by the multi-scan method. 60 Crystallographic data including refinement parameters, bond lengths and bond angles are given in Tables S1 and S2, respectively. It should be noted that the small size of the single crystals of 1 did not allow an accurate data collection at room temperature.
However, data collection with a relatively high exposure time (260 s per frame) led to correct structural data, in particular at low temperature (150 K). Room-temperature Xray powder diffraction spectrum (XRPD) was recorded on a PANalytical Empyrean Xray powder diffractometer at 45 kV, 40 mA with a Cu-target tube (Figure 3 ).
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